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Abstract 
In order to reduce the consumption of petroleum when producing lactic acid, some other ecological methods have 
been considering presently. The improvement of lactic acid production from glucose by solid catalyst such as feldspar
was investigated. Nowadays, the conversion of waste into high-value products or particularly fuels has attracted 
considerable attention. In all high-value products, lactic acid is the main target product in this study because lactic 
acid is a commodity chemical. The lactic acid yield from this study are 12.37% and 10.84% when using Albite and 
Potassium feldspar respectively. The catalytic activity of Albite before and after experiments didn’t change but 
Potassium feldspar has changed in the first one. The isometric impregnation treatment was also carried out and the 
yield of lactic acid improved until 13.24%. 
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1. Introduction 
Presently, the major production process of lactic acid is by biologic method. But the biotechnological 
process has some disadvantages such as limited space-time yield and population control regulations of the 
microorganisms. 1-3 there are some chemical processes such as hydrothermal treatment has been using 
widely. Because the lactic acid is a typical base-catalyzed product of carbohydrates,4-5 the alkali catalysts 
such as NaOH and Ca(OH)2 are used until now. However, the discharge of high concentration of alkaline 
will pollute environment, some solid alkali catalysts such as alkali feldspars were discussed. 
The first purpose of this study is to investigate best reaction condition on the yield of lactic acid and 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
 Yi Xue et al. /  Energy Procedia  61 ( 2014 )  2474 – 2477 2475
the catalytic activity of the feldspars was changed or not. And last the method to enhance the yield of 
lactic acid was also investigated. 
2. Experimental 
2.1. Experimental Materials 
Lactic acid (>99.7%) obtained from Sigma-Aldrich-Fluka was used to identify and quantitate the 
samples. Glucose obtained from Sinopharm Chemical Reagent Corp, China was used as reagents. Albite 
and Potassium feldspars were selected as the alkali catalysts and deionized water was used in all 
experiment. 
2.2. Experimental Procedure and Analytical Methods 
The batch reactors with internal volume of 5.7 ml were used in this research. They are made of SUS-
316 stainless steel. The details of this reactor system have been described in previous publication6-7. The 
general experimental procedure was as follows: the desired amount of glucose, feldspars and 2ml of water 
prepared in advance were added into the batch reactor and the sealed reactor was pleased into a salt bath 
preheated to the desired temperature. After the time which was set before experiment had passed, the 
reactor was removed from salt bath and was putted into a cold water immediately. After the reactions had 
finished and the reactor had cooled down, the collected liquid sample was filtered through a 0.45 μm 
filter and analyzed using HPLC. The feldspar was analyzed by XRD.  
3. Results and Discussion 
3.1 Effect of the amount of added feldspars on the yield of lactic acid 
Hydrothermal experiments with glucose under various amount of added feldspar were first performed 
to investigate which can produce most lactic acid. As shown in Fig.1. (a) and (b), the yield of lactic acid 
reached approximately at the amount of feldspars of 0.25g. 
 
 
 
Fig.1. (a) effect of the amount of added Albite;  (b) effect of the amount of added Potassium feldspar 
3.2 Effect of the reaction time on the yield of lactic acid 
 
At first, all experiments were carried out at 300ʹC with different reaction times. The yield of lactic 
acid was shown in Fig.2. (a). The lactic acid yield decreased by increasing the reaction time. In order to 
determine the peak yield of lactic acid, the temperature was decreased until 280ʹC and the result shown 
in Fig.2. (b), the highest yield of lactic acid for 50s and 40s respectively. In order to reduce the relative 
standard deviation. some experiments were done at 260ʹC and the result shown in Fig.2. (c). The highest 
yield of lactic acid for 100s using Albite and 140s using Potassium feldspar was 12.37% and 10.84% 
respectively. It is almost two times of the yield without any catalyst. From comparison of the three curves, 
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we can see that the feldspar have the expected effect for promotion of the lactic acid production.  
 
 
 
 
 
 
Fig.2. (a) effect of time on yield at 300ʹC; (b) effect of time on yield at 280ʹC; (c) effect of time on yield of 260ʹC 
 
3.3 The comparison of the catalytic activity of Albite and Potassium feldspar before and after the 
experiments 
      
As a catalyst, the change of catalytic activity is one of the most important data in this study. From 
Fig.3. (a) and Fig. (b), at 280ʹC and 260ʹC, the yield of lactic acid achieved in the repeated experiment 
was higher than the first time at any time by using Albite. But from Fig.3. (c) and Fig.3. (d), when using 
Potassium feldspar, regardless of reaction temperature, the yield of lactic acid achieved in the repeated 
experiment was lower than the first time. 
 
 
 
 
 
 
(a)                                    (b)                                    (c)                                   (d) 
Fig.3. (a) repeated experiments at 280ʹC by using Albite; (b) repeated experiments at 260ʹC by using Albite; (c) repeated 
experiments at 280ʹC at 280ʹC by using Potassium feldspar; (d) repeated experiments at 260ʹC by using Potassium feldspar. 
 
     And then, the study on the change of catalytic activity of Albite by using repeat method at the best 
reaction condition was also produced. From Fig.4. (a) and Fig.4. (b), the catalytic activity of Albite 
almost didn’t change at the best reaction condition. 
 
 
 
 
 
 
Fig.4. (a) effect of reused time using Albite at 280ʹC; (b) effect of reused time using Albite at 260ʹC 
 
3.4 The XRD pattern of Albite and Potassium feldspar before and after experiment 
 
 
 
Fig.5. (a) the XRD pattern of Albite before experiment      Fig.6. (a) the XRD pattern of Potassium feldspar before experiment 
 
 
 
Fig.5. (b) the XRD pattern of Albite after experiment        Fig.6. (b) the XRD pattern of Potassium feldspars after experiment 
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In order to decide whether there is change of crystal lattice of Albite and Potassium feldspar directly, 
the feldspars got from before and after experiment was analyzed by XRD and the patterns were shown in 
Fig.5. (a) and (b), Fig.6. (a) and (b). From comparison of these figures, there is almost no change of 
Albite got after experiment. However, there is some change of Potassium feldspar.  
 
3.5 Influence of the isometric impregnation treatment on the catalytic activity of feldspar 
Some experiments were carried out by using the treated feldspars that immersed in the NaOH solution 
under the best experiment condition. The yield of lactic acid was shown in Fig.7. (a) and (b) by using 
Albite and Potassium feldspar respectively. From Fig.7. (a), The catalytic activity of Albite was enhanced 
with low concentration NaOH solution. From Fig.7. (b), regardless the concentration of NaOH solution, 
the catalyst activity of Potassium feldspar was decreased. 
 
 
 
 
                        
 
  (a)                                                                       (b) 
      Fig.7. (a) effect of different concentration of NaOH solution using Albtie at 260ʹC; (b) effect of different concentration of 
NaOH solution using Potassium feldspar at 260ʹC 
 
4. Conclusions 
 
Feldspars used in this paper can greatly enhance the yield of lactic acid compared to that by using no 
catalysts. The yield of lactic acid reached 12.37% by using Albite and 10.84% by using Potassium 
feldspar which occurred at a reaction temperature of 260ʹC , added feldspar was 0.25g and a reaction 
time of 100s and 140s respectively. At a temperature of 260ʹC or 280ʹC, the catalytic activity of Albite 
almost didn’t change at the best reaction condition. However, the crystal lattice of Potassium feldspar was 
destroyed at the first use so it can be not used as catalyst. Isometric impregnation treatment using NaOH 
solution can enhance the catalytic activity of Albite but about Potassium feldspar, it didn’t prove effective.  
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